Isotopic ratios of heavy elements are a key signature of the nucleosynthesis processes in stellar interiors. The contribution of successive generations of stars to the metal enrichment of the Universe is imprinted on the evolution of isotopic ratios over time. We investigate the isotopic ratios of carbon, nitrogen, oxygen, and sulfur through millimeter molecular absorption lines arising in the z=0.68 absorber toward the blazar B 0218+357. We find that these ratios differ from those observed in the Galactic interstellar medium, but are remarkably close to those in the only other source at intermediate redshift for which isotopic ratios have been measured to date, the z=0.89 absorber in front of PKS 1830−211. The isotopic ratios in these two absorbers should reflect enrichment mostly from massive stars, and they are indeed close to the values observed toward local starburst galaxies. Our measurements set constraints on nucleosynthesis and chemical evolution models.
Introduction
Isotopic ratios provide a powerful way to study the origin of elements and the chemical evolution of the Universe. They can be measured to extremely high precision in the lab, using mass spectrometry. However, this is limited to physical samples such as presolar grains in meteorites and solar wind particles. For any remote astronomical sources, we must rely on spectroscopic analysis, with limits on angular resolution, sensitivity, and knowledge of the physical conditions. Here molecular lines are well suited, as different isotopologues tend to be well separated in frequency. Isotopic ratios of common elements like C, N, O, and S have been measured in various sources in the Milky Way (see, e.g., Wilson & Rood, 1994) and some nearby galaxies (see, e.g., Omont, 2007) .
To probe chemical evolution on a cosmological timescale, we need observations at a range of redshifts. To this end, studies of molecules in absorption toward distant quasars have several advantages. There is no dilution by distance, hence this method can probe even rare isotopologues at high redshift. Unfortunately, there are only a handful of distant radio molecular absorbers currently known (Combes, 2008) , mostly limited by the number density of mm-bright quasars at high redshift (z>1), and the low probability of chance alignment between molecular clouds in a foreground galaxy and a background continuum source.
The only well-studied system to date is the z=0.89 molecular absorber (MA0.89) toward the lensed blazar PKS 1830−211. A large number of molecules have been detected toward the SW line of sight, including a number of isotopologues which allowed for the measurement of isotopic ratios of C, N, O, S, Si, Cl, and Ar (Muller et al., 2006 (Muller et al., , 2011 (Muller et al., , 2014 Müller et al., 2015) . Some of them were found to be quite different from the ratios obtained in the local interstellar medium (ISM), and consistent with the idea that at a redshift of z=0.89 (implying a maximum age of ≃ 6 Gyr) the interstellar gas has not been significantly polluted by the nucleosynthesis products of low mass stars.
The only other similar molecular absorber known to date is the z abs =0.68466 (heliocentric) absorber toward the lensed blazar B 0218+357, discovered by Wiklind & Combes (1995) . This absorber (hereafter MA0.68) has a maximum age of ≃ 7 Gyr, and appears as a nearly face-on spiral (York et al., 2005) . The lensing produces two compact images (A and B) of the blazar separated by 0.3 ′′ , and an Einstein ring centered on image B, as seen at radio wavelengths (Patnaik et al., 1993) . At mm wavelengths only the two compact images A and B are detected, owing to the steep spectral index of the Einstein ring. Molecular absorption is observed toward image A only, and species such as CO, CS, HCO + , HCN, H 2 O, NH 3 , and H 2 CO have been observed (Wiklind & Combes, 1995; Menten & Reid, 1996; Combes & Wiklind, 1997; Henkel et al., 2005; Muller et al., 2007; Kanekar, 2011) . The absorbing gas is found to have a density of a few 10 2 cm −3 (Jethava et al., 2007) and a kinetic temperature ∼50 K (Henkel et al., 2005) , typical of Galactic diffuse clouds. According to the model of the lens by Wucknitz et al. (2004) , the absorption occurs at about 2 kpc from the intervening galaxy center. 
Observations
Observations were done in the 3 mm band with the IRAM Plateau de Bure Interferometer (PdBI) over different runs between 2005 and 2008 (see the journal of the observations in Table A .1). Each run lasted a few hours. The whole project was run as a back-up time filler when observing conditions were not good enough for regular imaging projects.
The bandpass response of the array was derived by observations of a bright radio quasar, such as 3C 454.3 or 3C 84. The 3 mm spectral lines of HCO + , HCN, CS, and H 2 S, and their isotopologues were observed with 80 MHz-wide bands and ∼0.9 km s −1 velocity resolution. Continuum bands 320 MHz wide, with a coarse spectral resolution of 2.5 MHz, were used for calibration. The C 2 H N =2-1 absorption was serendipitously detected in a continuum band.
All observations were taken in a compact configuration (except one observing run in November 2005 during the commissioning of a new very extended configuration of the array, see Muller & Guélin 2008) , and the two lensed images of B 0218+357, separated by 0.3 ′′ were not spatially resolved. The absolute flux scale was derived from MWC 349 whenever it was observed, or unset otherwise. The target visibilities were self-calibrated using a single point source model. Before 2007, the spectra were observed in single polarization. The installation of a new generation of receivers in 2007 allowed us to observe in dual polarization mode with an increase in observing efficiency and sensitivity. The resulting spectra were extracted directly from the averaged visibilities, and normalized to the total continuum flux density of the blazar (i.e., I A +I B =1).
Analysis and results

Continuum illumination
The two lensed images of B 0218+357 cannot be spatially resolved in our present data. We know, however, that the molecular absorption occurs only in front of image A (Menten & Reid, 1996; Muller et al., 2007) . In order to convert the line absorption depths to opacities, we need to know the flux ratio R A/B =I A /I B between the two compact lensed images of the blazar, and the covering factor of source A, f c , for the absorbing gas.
The two images have been resolved in radio-cm observations, and their flux ratio changes with frequency (Mittal et al., 2006) . This is interpreted as the effect of free-free absorption by some ionised material in the line of sight (Mittal et al., 2007 Mittal et al. (2007) . Martí-Vidal & Muller (2016) note, however, that during a VLA monitoring at 8 GHz and 15 GHz between 1996 October and 1997 January (Biggs et al., 1999) , the flux ratio R A/B showed significant variations with time. These variations most likely result Fig.1) are smooth and on a timescale much longer than the time delay (10.5±0.4 days, Biggs et al. 1999) , so that we do not expect that this affects the conclusions of this paper.
Stability of the absorption profile
The lensing and absorber system toward B 0218+357 has similar properties to the one toward PKS 1830−211. After the observations of drastic variations in the absorption line profile toward PKS 1830−211 over a timescale on the order of a few months (see the discussion in Muller & Guélin 2008) 1 , we decided to monitor the absorption profile of the HCO + and HCN J=2-1 lines toward B 0218+357. The spectra, shown in Figs.A.1 and A.2, do not show absorption variations down to a few percent of the total continuum level. We therefore averaged all the data of Table A.1 for each species to obtain the final spectra presented in Fig. 2. 
Absorption line profile
The absorption line profile is composed of two distinct features, the main one around a velocity of +6 km s −1 , and a second weaker peak at −7 km s −1 ( Fig. 2 ; the velocities are given in the heliocentric frame, taking z abs =0.68466 from Wiklind & Combes 1995 ). The comparison of the H 12 CO + and H 12 CN J=2-1 line profiles with those of other molecules, including their rare H 13 CO + and H 13 CN isotopologues, suggests that they are saturated. Indeed, they reach roughly the same absorption depth of ∼0.6 below the total normalized continuum level, whereas the H 13 CO depth ratio of the −7 km s −1 to +6 km s −1 velocity components is also much lower for H 12 CO + and H 12 CN than for other species, further implying that the main component is saturated. The saturation of the HCN line gives I A × f c =0.64 (the product I A × f c is degenerate in our data), so if we adopt R A/B =4.2, this implies I A =0.81 and f c =0.8. Furthermore, in the case of optically thin lines, the uncertainties in R A/B and f c do not significantly affect line opacity ratios. Hence, we convert the absorption spectra I v into opacity spectra:
with
To derive a common normalized line profile we select all the lines that are optically thin with no hyperfine structure. We assume the same excitation, continuum illumination, fractional abundance, isotopic ratio, and source covering factor for all velocity components. The shape of the absorption profile suggests that a set of three Gaussian components (including a broad and a narrow feature for the dominant +6 km s −1 component) already provides a good solution. In Table 1 we give the best fit solution of these three Gaussian components to the opacity spectra. The residuals of this fit are shown in Fig. 3 and are within the noise.
Isotopic ratios
The opacity spectra of the optically thin lines are shown in Fig. 3 ; the fits are shown in red. The normalized profile given in Table 1 was fit to each line with a scaling factor. For the H 13 CN and HC 15 N isotopologues, the hyperfine structure is also taken into account, with the relative strengths expected when the sublevels are populated in proportion to their statistical weights. From the derived integrated opacities, we then calculate the column densities for the different species in our data. Since the absorbing gas is rather diffuse, we assume that collisional excitation is negligible compared to excitation by cosmic microwave background photons, hence that the excitation temperature is locked to the cosmic microwave background (CMB) temperature of 4.6 K at z=0.68 (see Muller et al., 2013) . The calculated column densities are given in Table A .2 for species with optically thin lines.
The column densities (Table A. 2) and the resulting abundance ratios become very uncertain when the line opacities are large, which is the case for the main velocity components of HCO + and HCN main isotopomers, as discussed above. The difficulty may be removed by switching to the rare 13 C, 15 N, and 18 O isotopologues, or by considering only the satellite velocity component at −7 km s −1 . Chin et al. 1996; Lucas & Liszt 1998) .
The molecular isotopic ratios may be affected by chemical fractionation (see Roueff et al. 2015 and references therein) . This is particularly the case for C-bearing molecules and, to a lesser degree, N-bearing molecules in cold clouds, where the abundance of the heavier 13 C and 15 N isotopologues may be enhanced relative to their main 12 C and 14 N counterparts. We note, however, that isotopic fractionation, if present, would act to decrease the measured 12 C/ 13 C isotopic ratio and hence increase the double ratio (
16 O/ 18 O)/( 12 C/ 13 C), relative to their true values. The true value of the double ratio would then be even smaller than our measurement of R HCO + =2.1, and hence more different from the solar system and Milky Way ratios.
As concerns the 12 C/ 13 C isotopic ratio, the opacity ratio of the weak v=−7 km s Muller et al. (2011) We can also use the low resolution C 2 H N =2-1 absorption profile (Fig. 4) (Lucas & Liszt, 2000; Muller et al., 2011) . First of all, we note that the C 2 H N =2-1 line absorption is weak, hence presumably optically thin, and that the relative intensities of the two fine-structure components follow the local thermodynamic equilibrium value. Table 2 . Fig. 4 : Spectrum of the C 2 H N =2-1 absorption, with a spectral resolution of 2.5 MHz. The spectrum follows the relative strengths expected at local thermodynamic equilibrium for optically thin hyperfine structure components.
Discussion
We compare our measurements in MA0.68 to the isotopic ratios observed in other sources, including MA0.89 (the molecular absorber at z=0.89 toward PKS 1830−211), nearby starburst galaxies, and Galactic sources. We also compare them to model predictions by Kobayashi et al. (2011) for the solar neighborhood, Galactic bulge, and thick disk at different metallicities. These comparisons are shown in Figs. 5, 6, and 7. First, we emphasise that all measured isotopic ratios in MA0.68 are similar to those found in MA0.89. This is interesting because the two absorbers are not connected, but have approximately the same look-back time of 6-7 Gyr, and absorption occurs at a galactocentric radius of ∼2 kpc in both. However, we do not have information about the metallicities and star formation histories of these two absorbers.
We find that the isotopic ratios in MA0.68 and MA0.89 deviate significantly from the values measured in the solar neighborhood. However, for 12 C/ 13 C in MA0.68 our estimated value of ∼40 is consistent with the values reported by Savage et al. (2002) and Milam et al. (2005) at a galactocentric distance (D GC ) of 2 kpc in the Milky Way. Between 2 kpc and 8 kpc, the 12 C/ 13 C ratio is found to increase by a factor of ∼2 (Savage et al., 2002; Milam et al., 2005) . Similarly for 32 S/ 34 S, our value of 8.1 is consistent with the values at D GC =2 kpc derived by Chin et al. (1996) , assuming that the above mentioned galactocentric gradient in 12 C/ 13 C is valid. On the other hand, taking 12 C/ 13 C∼40 in MA0.68, we find ratios of ∼120 and 80 for 14 N/ 15 N and 16 O/ 18 O, respectively, which are lower than the corresponding values in the Milky Way at D GC =2 kpc by a factor of 2-3 (Adande & Ziurys, 2012; Wilson & Rood, 1994) .
For 18 O/ 17 O, our lower limit in MA0.68 and measurement in MA0.89 are much larger than the remarkably constant values observed in the Milky Way, including at D GC =2 kpc (Wouterloot et al., 2008) . Neither opacity, nor fractionation are expected to affect the measurements of 18 O/ 17 O and the values should genuinely result from nucleosynthetic history. Both oxygen ratios are indicative of enrichment on short timescales as 18 O is mainly produced by He-burning in massive stars. 16 O/ 18 O vs. 14 N/ 15 N ratios, both normalized by the 12 C/ 13 C ratio, for various astronomical sources. Our result for MA0.68 is in red, as is MA0.89 (MA), starburst galaxies are magenta stars (SB), Galactic sources are green triangles (MW), and the predictions from chemical evolution models in the solar neighborhood by Kobayashi et al. (2011) are in blue and labeled as S X , where X denotes the metallicity [Fe/H]. Their models for the bulge (B) and thick disk (TD), also in blue, are for [Fe/H]=-0.5.
The closest match for the ratios observed in MA0.68 and MA0.89 are nearby starburst galaxies. We expect that both are dominated by the products of massive stars: MA0.68 and MA0.89 because of their youth, and starburst galaxies because they are actively forming stars, the most massive of which will enrich the ISM the fastest. There are, however, large observational uncertainties and apparent sourceto-source variations in the mostly weak and very broad line profiles of starburst galaxies. Furthermore, extragalactic observations are often averaged over a larger area than is sampled by the line of sight through MA0.68, making detailed comparisons difficult.
It is interesting to compare our results in MA0.68 to chemical evolution models, although there are very few which report the abundances of different isotopes over time. Hence, we consider the models by Kobayashi et al. (2011) , which attempt to reproduce the chemical evolution and observed metallicity distribution in different parts of the Milky Way: the solar neighborhood, bulge, and thick disk. The models include enrichment from AGB stars, massive evolved stars, core collapse supernovae (Type II SNe), and single degenerate Type Ia SNe. They give isotopic abundances at a few different metallicities, which correspond to different epochs of enrichment. At [Fe/H] For the 32 S/ 34 S ratio our value for MA0.68 is much lower than the models of Kobayashi et al. (2011) predict for all metallicities. A possible source of the low 32 S/ 34 S ratio is hypernovae, core collapse supernovae with explosion energies more than 10 times that of regular supernovae (i.e., >10 52 ergs), which produce a lot of 34 S. The fraction of hypernovae is not well constrained, so Kobayashi et al. (2011) assume a fraction of 0.5 for M 20 M ⊙ . Hence the observed low 32 S/ 34 S ratios might imply that hypernovae are more common than assumed, at least in certain environments such as MA0.68 and starburst galaxies.
Summary and conclusions
We present measurements of isotopic ratios of C, N, O, and S elements in the z=0.68 molecular absorber toward B 0218+357. To this end, we use several isotopologues of HCO + , HCN, CS, and H 2 S. The analysis of the line profiles helps us to constrain the continuum illumination and source covering factor. O (3σ) lower limit is significantly higher than ratios measured in the Milky Way. This is indicative of enrichment mainly by massive stars, which produce proportionately more 18 O and 15 N. This work shows that redshifted molecular absorbers are interesting targets to determine the evolution of isotopic ratios, and hence the enrichment history of the interstellar medium. However, the interpretation of the derived isotopic ratios is hampered by the poor knowledge we have of, for example, the location of the absorbing gas in the absorber, the gas metallicity, and the star formation history.
The discovery of new molecular absorbers such as PKS 1830−211 and B 0218+357, hopefully at z>1, would further constrain our knowledge of nucleosynthesis and chemical evolution, as well as our understanding of the origin and evolution of the elements in the Universe. (Müller et al., 2001 ); (b) adopting z=0.68466, heliocentric frame (Wiklind & Combes, 1995) ; (c) % of total continuum level; (d) Coefficients for calculating column density from integrated opacity: N col = α × τ dv, assuming purely radiative excitation with CMB photons, i.e., rotation temperature of 4.6 K; (e) Total column densities, calculated as explained in (d); (f ) Weighted mean frequency of the hyperfine components; (g) Total column density assuming an ortho/para ratio of 3.
